I1. IRANNOY-AMAPANTIAOY
KAOHI. XHMEIAX

OPAXMATOMETPIA MOPIAKHYX ®QTAYT'EIAX

XHMEIQXEIX AIATMHMATIKOY METAIITYXIAKOY ITPOI'PAMMATOX
XIIOYAQN

"YYI'XPONEX BIOXHMIKEYX & BIO®YXIKEX MEO®OAOI
ANAAYXHX"

AQOHNA 2005



QOOTAYIEIA (LUMINESCENCE)

IHHHI'H AIETEPXHY EIN0Y PQTAYI'EIAY
v HAEKTPIKO PEYMA HAEKTPO®QTAYT'EIA
(ELECTROLUMINESCENCE)
v ENEPT'EIA PAAIENEPT QN PAAIO®QTAYTEIA
XOMATIAIQN (RADIOLUMINESCENCE)

v ENEPT'EIA XHMIKHX ANTIAPAXHX XHMEIO®QTAYT'EIA
(CHEMILUMINESCENCE)

v ENEPT'EIA XHMIKHX ANTIAPAXHX BIO®QTAYT'EIA

XE ZONTANOYX OPTANIXMOYX (BIOLUMINESCENCE)

v OEPMOTHTA OEPMODQTAYT'EIA
(THERMOLUMINESCENCE)

v ENEPTEIA TPIBHZ TPIBO®QTAYT'EIA
(TRIBOLUMINESCENCE)

v ENEPT'EIA ®QTONIQN PQTODPQTAYT'EIA

(PHOTOLUMINESCENCE)

1-10%s

®OOPIZMOZ PQ2POPIZMOZ EIIIBPAA. ®OOP
(FLUORESCENCE) (PHOSPHORESCENCE) DELAYED FLUOR.



MHXANIZMO2 POTOPOTAYIEIAZ
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ENEPI'EIA

MHXANIRMOI @QOPIXMOY METAAAIKQN YYMITAOKQN

~

\§~
~

FL

~1S
G T,
Abs | FL Ph
A 4 A 4
yy ~—~_
~~18C BT
Abs T, i
A 4
—e ET
A e e
~~-1SC -
Abs PN T,
A 4
7y L. I.SQ
Tl
Abs N

M,

Meragopa Evépysiac
AavOavideg (Tb, Sm, Dy, Eu)

Yrovycio Metdntmonc

(Pd kan Pt pe mop@upivec)

Metagopa PopTiov

Ru, Os, Ir + N-gtepokvkiikoi
VTOKOTUOTATES

(oVAAEKTES NMOKIG EVEPYELOG)



IHAPAT'ONTEX I1IOY EITIAPOYN XTO ®OQOPIXMO

v XHMIKH AOMH
v'pH

v OEPMOKPAXIA
v ATAAYTEX
vIYTKENTPQXH



DOOTAYT'EIA OPTANIKQN ENQYEQN KAI AOMH

V' Yropén w- nlektpoviaxod ovotiuatog (A,>220nm)

v EKTETOUEVO T- NAEKTPOVIOKO COOTHUO, COVETGYETAL

Do )
OpLOUOG C——>  Meydlda uiikn kbuotog
DPwoYoplouos
CH, xeX: 333nm, xem: 500nm
© Bevioio
S, 263 nm, T, 340 nm

O O O AvOpakxévio

S, 376 nm, T, 680 nm

v XounAotepn dieyepuévn omi katdoroon

t*-1 —— loyvpoc pBopiouos (pwop.)

t*-N —» Aobevic phopioudg, 1oyvpog
POOPOPLOUOS O TEPLP. UEYAAOD
1EWO0VE



Na@0airivio Kivolivy Ivéoro

b b
=

N N

H

-7 T -n -7

®Oopiopodg Ag Bopilet dOopropdg

doocpopiopodg (UM ToAIK. S1a) dwocpopiopdg
v 0 — P —0TOKATACTATES » 00CHon Bopiouod

v'M — vrokataotatec —>  eAdTrTwon eBopiouov

-NO, NH,  _oH
H 0 -COOH

+CH,COOH "O-CH,

-Cl, -Br, -1 “NH,

-O- -NHCH,

-NH,+ -F

Ae pOopilet DOopiler

v Abénon popraxic axouyiog » 00<non phopiopod

heVeol
! COO-

OAINOAODPOAAEINH ®AOYOPEZKEINH
(AE ®OOPIZEI) (POOPIZEI)




HAEONEKTHMATA ®OOPIXMOMETPIAX

v'YYHAH EYAIXOHXIA (zero background technique)

v METAAH EKAEKTIKOTHTA (multiparameter technique)
IHAPAMETPOI EKAEKTIKOTHTAX:

Zexs Aems T s Aphosph., Pr M1 ELOIKES TAPAUETPOL

v AIIAH KAI XXETIKA XAMHAOY KOXTOYX OPTANOAOTI'TA



HOXOTIKH ®OOPIXMOMETPIA

Ap. EKTEPT. POTOVIOV K
, P = =
v ZUVTS;@'GT"G i Ap. aTOPoOP. POTOVIOV kf + knon-f
KPavTikKig am0doong 0< @ <1
F

oV Tecrs .

Ioyvg UTOPPOPOLUEVNS P, =Py~ P,= P, (L- &230 sbc)
OKTLVOPOALOS
v Toyog ekmepmopevng F=®P,= ®P, (1- e23053:x)
axTivofolriog (2,303 ebc — (2,303 ebc)?/2! + (2,303 ebc)3/3!.)

v Lg mold apond dwrvpota (ebc<  F=2303 ®.P,ebc=Kc
0.05)

v Xpovog Lo ¢Bopropov 1= D7,

v Ioy0g @Oopropov g ypdvo t petd F,=F, et
TN OEyepon

v TI6)hmon ¢Bopiopot P=(Fa-F)/(Fy+F)



OPITANOAOI'TATIA TH METPHYXH ®OQOPIXMOY

-OOBopropoueTpa;
-Oacpatopbopiopopetpa
-OOoPIGUOUETPA Y10 EOIKES EQAPLOYES

NMHIH AKTINOBOAIAZ EMIAOI'EAZ MHKOYZ
KYMATOZ KYWEAIAA
EMNIAONEAZ MHKOYZ
KYMATOZ
ANIXNEYTHZ
OPIANO METPHZHZ ENIZXYTHZ

2XHMATIKO AIATPAMMA ®AZMATOPOOPIZMOMETPOY




MHIEZ AIETEPZHX

-N\uyviec 1oéou udpapyupou [uwnAncg (366nm) kar xaunAng mieong (254nm)]
-A\uyviec 10éou asgpiou EEvou (ouvexéc paoua, 250-600nm)

a) OUVEXOUG EKTTOUTTNG

B) oTiyuiaiag EKTTOUTTHS

-NEICep (evIOYXUTEC WTOC eéavayKaouEVNG EKTTOUTTHC)

a) JOVOXPWUATIKOI

B) AéiIlep XPWOTIKWV UE ETTIAOYN UNKOUS KUUATOC

ENIAOIEIZ MHKOYXZ KYMATOX
-QiAtpa (udAou ammokotTi¢ i cuuBOANC)
-Movoxpwuarope¢ (mpiouarog, epayuarog)

KYYEAIAEX R . >

\
/

ANIXNEYTEX
-QwrormmroAAarmrAaciactéc (PMT)
-Avixveurég (euéng popriou (Charge-coupled detectors)
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IHAPAI'ONTEX I1OY EITHPEAZOYN THN EYAIXOHXIA TQN
OOOPIXMOMETPIKOQN METPHYXEQN

vYXKEAAXH (SCATTERING)

= Rayleigh (uopia dratoty, <<)

sTyndall (wixpa cwuotiorn, < 2)

5?Raman (dovntikés kai mepioTpoPikes KIVAOELS UOPImYV 01aADTH)
vENAOT'ENHX ®OOPIXMOX

v ATIOZBEXH (QUENCHING)

v ®AINOMENO EXQTEPIKOY ®IATPOY
(INNER FILTER EFFECT)

12



Daopo ekwopmnc Oeukng Kwivne (A, =366nm)
KOl TOPENTOOIoN 00 6kEd0en Raman

A- H,0; B- 0,1pg/ml xwvivng (og 1610 evancOnoia)
C, D- 0,1 ug/ml xwvivng (vynAn evauctnoio)

370 455 555

Daono skmounnc avlpaKeviov 6€ KOUKAOEEAVIO
KOl TOPEUTOOLGN a0 6KEOA6n Raman

A- StoAvng

B, C, D- avOpoakévio o€ S10QOpPEG GLYKEVTPOCELG

1.  ®vocroroykds opog
2.  AwyoAvpévog opodg
3. Yxtepkdg opog

13



NMOAYTNAPAMETPIKOTHTA ®OOPIZMOMETPIAZ

- DIEyEPONG

- EKMOWNIG

- oUyxpovnG odpwong
-0€ XaunA&c Bepuokpadi.

®BopiououeTpia :

- MoAwuEVoU PwTOG

- KUKAIKG MoAwUEVO
PWTOC.

- KukAikou

dixpwiouou

- ®BopiouoC
- ®WoPOopPIoUOC

- AnogBeon

- Enmipaveiodpaorika

- ZXnNuAaTiouoc eBopiloviwv
napayovrwv

- Xpwuaroypagia avixveuo

14



OEOOPIZXMOMETPIA YYI'XPONHX APOQYHY ®OAYXMATOX
(A)l=const)

1qex> M\eﬁ

Mex Mj

d>60p|0|.|0|.|£Tpia /' AA/'
cUyXpovng Mex Mj
oapwong

Boowkd yopoKTNPLoTIKE QOONOTOG:

-EAdTTon nuievpovg kopveng

-Amhomoinon @aopaTog 15
-EAaTTO0on Quopnatiki)g TEPLoYNS AVEAVTIKOD EVOLOQPEPOVTOG

% If
\_
=

KAaoikn
(p90pl0'|.lO|.l£TpiCl

% If

% If
—
>—




Synchronous tluorescence spectroscopy

{a) (b)
. A B . A B
Convgnnono! - (W
fluorimetry 2 b
A A
Synchronous - A 8 ~ A8
fluorimetry 3¢ & m
A A
Second derivative . ‘ '
synchronous :.' A 8
fluorimetry * ‘ ‘
A

16



flllalilxntl]-.l.l..ol"- ¥ +« = & ¥ F § ¥

Avehvrued ofipo

T eeerrrre iy e Y

-
—
b—
o
=L_: PEET S TR T S U N SR U IO TN U DA N T T L 4
feee
-—
o
and

e ¥
MAHapxog KOpexxTOoOqg, NM

Daopata Sfvyeponge (excitation), a, exmnmournnc(emission), B, xAaoctkncepBopliocpounertpiac,

CF, kal cOyvyxpovng capwonc (SFS), v, tTouv pawa@peviov, 1, avOpaxeviou, 2, mupuvAeviov,

3, KoL MIYLLATOS GUTMY HE TETpakeEvio. Eival avepog O Slaxyploudg TWV KOoOpu@ad Vv Itou 17
EFLTUY XAVETOL KAL T KGAVTEPMNELVK piVELO.



PAXMATA ®OOPIXMOY TOY PAXMATA XYT'XPONHX
ATAIOYAAMIAIOY TOY

SAPQEHE, Ak =110 nm
AYZEPTIKOY OEEOZX (LSD), A, = 325
nm

1) 1 ng/ml 2)0.3ng/ml 3)H,O

.4 Roeigh~ ~ . -

T 1 t
N S00 <00 300

T v T
Aqnm) 500 <00 300

DOL=0.1 ng/ml DOL=2 ng/l
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XPONO2Z ZQH2 POOPIZMOY

140)

1£0)/e

Inherent property of a fluorophore (7 ~ 1/¢)
Sensitive to microenvironment
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APXH TEXNIKHY XPONIKA AIAXQPIZOMENOY ®OOPIXMOY

(Time-resolved Fluorimetry)

3

Fluoresc ence: Intersity

Meazarlig
Tme

Coycle

“‘ Flash Excitation

Background Fluorescence

Cycle ——MM

v XpRon IXvNOETWV peydiov ypévov {mng
@0opiopov (16vra Lavlaviowv)

v Agyepon dciypotog ME Bpaxl TTaAuo
akTivofBoAiag

v Métpnon petd anosPeon Bpaydprov
¢0opropov vrofadpov

EPAPMOI'EX:

g | 35125 |

1000

Time {usec)

-EAdttmon aktivofoAiiog vrofdOpov
-AvoGoyn Kot TpocdlopIG Ol

Anocfeon ¢00pLopoy CVPUTAOKOV EVOGEMV LavOaVIO®V

-MédoBo1 vBpidomoinonc DNA

Chelate Excitation(nm) Emission (nm) Fluorescence Suggested Emission Filter
Lifetime (1)
(usec)
Europium (Eu) 340 615 730 620/40
Samarium (Sm) 340 642 50 645/40
Terbium (Th) 320 545 1050 545/40
*(Dyprosium (Dy) 320 572 16 575/15
*Ruthenium (Ru) 459 620 0.4 620/40 20




IONTIKOZ ®OOPIZMOZ 2YMMNAOKQN EYPQIIOY KAI TEPBIOY
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INTENSITY

APXH TEXNIKHY ®AYIKA ATAXQPIZOMENQY
DdOOPIXMOY (Phase- resolved Fluorimetry)

0 20 40 ) 60
TIME (nanocseconds)

E®PAPMOI'EX:

-IIpocdiopiouog ypdvov Lmne BopioroeoOpmv
- AvaAvon piyuotog ovsiov

22



APXH THY ®OOPIXMOMETPIAY IIOAQCMENOY ®QTOX
(FLUORESCENCE POLARIZATION)

. Polarised
emission
filters
+——p Depolarised
Polarised - emission
excitation |

Polarisation light

| Nlter s Fast tumbling
vy Slow
tumbling
Polarised
emission

23



E®APMOI'EX
-Ilpocoiopiouog ueyéBong Ko 0KV O100TATEMY UOKPOUOPLWY ETTHUATUEVOV e pBopiouopopo.
-Avocopbopiououetpikoi Ipocoiopiouol coVayWVIGTIKOD TOTOD

G e =D

Mn Tro)\w’pévog MoAwpévog
@OOoPIoPOG @OOoPIoPOS

24



POOPIZMOMETPIKEZ MEOOAOI ANAAYZH2

AMEZEZ

(Evdoyevnc ¢Bopioudg)

-BITAMINEZ
-OAPMAKA
-AMINO=EA
-AAKAAOEIAH

-NMOAYAPQMATIKOI
YAPOI ONANGPAKEZX

N\

EMMEZEX
(Metatpotry o€ @Bopilov TTPOIGV)

a) 2XNMATIONOG @BopilovTtog
TTAPAYWYouU ME ouvdeon ME
@Oopilouoeg OUCiEC (davouho-
XAWPIOIO yIa AUIVOCEQ Kal QAIVOAEG,
0-@OaAaADEUON  yIa  TTPWTOTAYEIC
apuAapiveg, apuAudpadiveq)

B) MeTatpotrri TOU aQvaAUuTn O¢€
@Bopilov  TTPOIOV  HECW  XNMIKWV
avTIdOPACEWV

Y) 2XNHOTIONOC @BopilovTtog
OUUTTAOKOU yIia TOV TTPOCdIoPIoUO
METAAAOIOVTWYV 1] OPYAVIKWYV HOPiwV

0) Me amdéoBeon 1 evioxuon
@Bopiouou

25



T A B L E 4-1. EXAMPLES OF ANALYTES
MEASURED BY FLUORESCENCE

Therapeutic Drugs

Analytes

Bile acids Amikacin
Bilirubin Carbamazepine
Calcium Dhgoxin
Catecholamines Gentamicin
Estrogens (urinary) Lidocaine
Glucose Phenobarbital
Magnesium Phenytoin
Nucleotides Primidone
Protoporphyrin Procainamide
Coagulation Quinidine
Antithrombin HI Theophylline
Heparnn Tobramycin
Plasminogen . Hormones
Enrymes Cortisol
CK-MB FSH
Glucosidases hCG
Hydrolases LH
Oxidoreductases Thyroid uptake
Proteases Thyroxine '
' TSH
Other
Fermtin
- IgE

Abbreviations: CK-MPB: creatinine kinase isocnzymc—-:ﬁusc!e
brain dimer; FSH: follicle-stimulating hormone; hOG: human chori-
onic gonadotropin; LH: luteinizing hormone; TSH: thyroid-stirmu-

lating hormone; IgE: gamma E immunogiobulin.



EPAPMOI'EY TON EMMEYXQN OOOPIXMOMETPIKQN MEOQOAQN

v M£00801 dtaymptopo e avyveuth ¢Ooptopon
(Xpwuotoypopikes teyvIKES, TPILY0ELONS NAEKTPOPOPNTN)

v’ M£603801 TOGOTIKOTOIN GG VOUKAEIKAV 0EEMV KOl TPMTEVOV

v Evlopukn| avdlvon
a,) Ilpocoiopioudc evepyotntos evivuwy
p) Ilpoadiopiouos vrooTpwud Ty

v’ TIpocdioptopdg eyE0oug Kot OMK®Y SI00TAGEDV LOKPOLOPIOVY ETCTHACHEVOVY e POOPIGLOPOPa
(DOopiououetpio rolwuévoo phopiouod)

v’ Melétn chvEeoNG HIKPOLOPI®VY, TT.). QUPUAK®OV LE TPOTEVE]
(Teyvikn pbopilovroc yyvnbétn)

v MeTprioelC omooTdoemv HeTald opddmy LoKkpopopiov pe BACT TO GUIVOLEVO LETAPOPAC EVEPYELOG

v Mikpockonia ¢pOopiopol
(Xpaon kottapwv, pnon eXONUAGUEVOV OVTITOUATMV ELOIKMV VIO, TO, CVOTOTIKG, TOD KUTTAPOD)

v’ ®Bop1lopoavocoyn kol Tpocsdlopiopol

v’ M£6odot vPpdomoinonc DNA 21



Fluorescence Resonance Energy Transfer (FRET)

.
Fluorescence resonance energy transfer (FRET) is a distance-dependent interaction between the
electronic excited states of two dye molecules in which excitation is transferred from a donor
molecule to an acceptor molecule without emission of & photorr. The efficiency of FRET is
dependent on the inverse sixth power of the intermolecular separation, ¢&F making it useful over
distances comparable with the dimensions of biological macromolecules. Thus, FRET is an
important technique for investigating a variety of biological phenomena that produce changes in
molecular proximity. <& When FRET is used as a contrast mechanism, colocalization of proteins
and other molecules can be imaged with spatial resolution beyond the limits of conventional

optical microscopy.<&&F
Primary Conditions for FRET

Donor and acceptor molecules must be in close proximity (typically 10—100 A).
The absorption spectrum of the acceptor must overiap the fluorescence emission

spectrum of the donor (see figure).
Donor and acceptor transition dipole orientations must be approximately parallei.

Donor J{?L} A ptor Figure. Schemat_lc representation of the FRET
spectral overlap integral.
fluorescaence absorption

Wavelangth (i)

Forster Radius

The distance at which energy transfer is S0% efficient (i.e., 50% of excited donors are
deactivated by FRET) is defined by the Férster radius (R,). The magnitude of R, is dependent on

the spectral properties of the donor and acceptor dyes:
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l Dianaturdtion s

& r @

PETETTIT T eI O TTereY L L e b e B i S L b b s L

AR SR A S AR b SN A
FIGURE 4. The Lightcycler assay. Left: Dvye incorporation method. (A) During denacturation, unbound SYBR
Green I dye exhibits little fluorescence. (B) At the annealing temperature, a few dye molecules bind to the
double-stranded primer/target, resulting in light emission upon excitation. (C) During the polymerisation step,
more and more dye molecules bind to the newly synthesised DXNA, and the increase in fluorescence can be
monitored in real-time. (I2) On denaturation, the dye molecules are released and the fluorescence signal returns to
background. Right: Hybridisation probe method. The RT step has been omitted. (A) During the denaturation step,
both hybridisation probes remain in solution and separate. Any emission from fluorescein is at 530 nm, and is
disregarded by the detector. (B) During the annealing step, the probes hybridise in a head-to-tail arrangement, the
two dyes come in close proximity and the emitted energy excites the second dye, which emits red fluorescent light
at a longer wavelength. (C) At the polymerisation temperature, borth probes return into selution and any emissions
from fluorescein are ignored.
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